Child and adolescent workers form a special group within the working force from the perspective of health and safety matters because of their unique status with respect to vulnerability to such issues. Sometimes, especially in unorganized working activities, such workers form a considerable portion of the total workforce in developing countries. They frequently suffer from conditions like otitis externa, otitis media, scabies, anemia, upper respiratory diseases, nasal problems, abdominal pain, etc 1) .
The majority of such workforce is employed in agricultural activities. Seventy percent of child laborers, more than 150 million girls and boys under 18, are agricultural workers. They are exploited, toiling in poor to appalling conditions, performing dangerous jobs with little or no pay, and deprived of an education. Because children's bodies and minds are still growing and developing, exposure to workplace hazards and risks can be more devastating and longlasting for them 2) . Although the majority of the young workforce is engaged in agricultural activities, child and adolescent workers are also employed in hazardous activities like stone polishing 3) and in other activities in markets 4) and different cottage industries 5) . Adolescents work in varied environments and are exposed to hazards. Parents of these working adolescents have an opportunity to help them select jobs and address worker safety issues with employers. A study conducted through telephonic interviews among a national sample of 922 working adolescents along with one parent of each to examine the involvement of parents in their children's employment and safety issues observed that over 70% of parents helped their children to identify job opportunities 6) . Child labor remains a widespread problem. It has negative effects on health and development of children. Although mainly a problem in developing countries, it is also possible to find child workers, some working in hazardous activities, in developed countries. Child workers work in a number of activities, face the associated hazards and suffer from the health conse- showed significant effects on workplace injuries. However, duration of employment and body mass index had no significant contribution. Conclusions: This study stresses the need to strictly stop employment of child labor in such occupations in accordance with the national law. It shows that apart from nature of job, age of worker, work hours/day, musculoskeletal morbidity and education are significant predictors of occupational injuries and that training of such workers with regard to safe practices, provision for education, alleviation of musculoskeletal morbidity, suitable restriction of work hours/day and awareness generation among parents regarding the imminent danger of such labor in their children will ensure a positive impact in protecting young and child workers from occupational injuries. quences.
Epidemiologic evidence suggest a greater impact of some occupational exposures on the health of children as compared with adults 7) . A study among young and child workers revealed that 85.7% were unaware of the materials they were using. Sixty-nine percent of children were working in improper light, 71% of workers experienced high levels of noise, 83% were working in high temperatures and 55.3% were working with improper ventilation. Health problems experienced by children included joint pains, backache, vertigo, numbness of fingers and fatigue 5) . Another study found that the most common reason for taking up child work was to earn money needed by parents. Current health problems reported were skin infection, diarrhea, fever, upper respiratory tract infection, visual problems and musculoskeletal disorders. Thirty-six percent of these children were underweight. Fiftythree percent of the children had at least one health problem during the survey period. Twenty-eight percent of the children reported that they had injuries 4) . Workplace injuries are an important issue in occupational health and safety. They can either lead to permanent or temporary disability or mortality and account for a significant proportion of deaths and disabilities 8, 9) . Different studies have been undertaken in order to ascertain the cause of the occupational injuries. Work conditions 10) , educational status and safety training 11) , experience 12) , smoking 13) , work shift 14) , and speed of work 15) have all been designated as responsible factors. Some studies have highlighted the role of young age and job security. These studies have shown that the young and the temporary workers are more vulnerable to occupational injuries than other workers 16) . Workplace injuries are of special concern in young and child workers because of the fact that such workers confront injuries frequently in the workplace 4) . The causative factors of such injuries are very important from the perspective of injury prevention and may differ from the factors related to occupational injuries in adult workers 17) . In this backdrop, this present study was initiated with an informal set up in the workplaces of young and child workers to explore the possible responsible factors for the occurrence of workplace injury.
Methods
This present study was conducted in the workers at stone quarries from an area in the central part of India. This cross-sectional survey was undertaken among the young (child and adolescent) workers working in quarrying activities. This part of India has a number of such units that employ a considerable number of workers. A feature of these industries is that they are mostly unorganized and usually employ contract workers for different quarrying and supportive activities. Young (child and adolescent) workers are reported to be working in quarrying activities in such units. No information was available on the exact number of such workers. However, an estimated number of 2,000 obtained from local authorities was used for calculation of sample size. The prevalence of injury was predicted as 10% in such population; we calculated the sample size for the prevalence study using an acceptable range of 5−15%. Thus, the minimum sample size for a 5% level of significance was calculated as 130. We set our target as 150 persons.
No list of such workers was available for random selection of subjects. Hence a list of such operating units in the area was prepared, and twelve units were randomly selected from the list (thirty-six in number). It was assumed that approximately 12−15 such workers will be available in one unit, and accordingly, twelve units were selected. All such workers available in the selected units were approached, however, 147 workers participated in this study. All of them were interviewed with the help of an intervieweradministered questionnaire to collect information regarding their personal, occupational and work-related morbidity details (including details of occupational injuries). Information on details of injuries like body parts involved in injuries (head, neck, back, chest, abdomen, limbs, multiple locations), types of injuries (fracture and dislocation, sprain and strain, concussion and internal injury, superficial injury, spinal injury, burn, multiple injury), different incidents that led to injuries (fall of a person, fall of an object, stepping/ striking against objects, caught in between objects, overexertion / wrong movement, exposure to harmful substance) and different kinds of equipments/agents involved in injuries (small tools, machines, lifting machine, vehicle, outdoor environment) was collected.
Necessary approval for this study was obtained from the institutional ethical committee as well as the scientific advisory committee of the National Institute of Occupational Health, India.
In these units (mostly unorganized), quarrying activities are performed manually on the surface and at low heights. Apart from adult workers (mostly contract workers paid daily), young (child and adolescent) workers (mostly children and relatives of adult workers) are also involved in different activities. Relatively large, stout tools (mostly used by adult workers) are used for initial breaking of stones. Small hand tools like hammers are used in breaking the stones into smaller ones. After this, the stones are loaded onto trucks (usually smaller vehicles) and dispatched. The whole activity is done in the open air with full exposure to sunlight and heat. Hardly any personal protective equipment is used.
A descriptive analysis was done to examine the personal and occupational characteristics of the workers as well as to know the prevalence of work-related morbidities and occupational injuries. A worker being injured as commonly as once a month (30 days) in the last three months was considered a "frequent injury receiver". The injuries that caused workers to be away from work for at least one day were considered in this study. Afterwards, analysis was done using the SPSS software to obtain the contribution of different factors to occupational injury occurrence. In a univariate analysis, the contribution of variables like age, work duration, sex, education level, nature of job, work hours per day, joint pain, backache, body mass index level, etc., on injury occurrence was examined. In a multivariate analysis, a logistic regression method was used to obtain the contribution of individual factors on occupational injuries irrespective of the effect of the other factors. While feeding the variables into the logistic regression model, variables like musculoskeletal morbidity (backache or joint pain vs. no musculoskeletal complaint), education level (primary education vs. illiterate) and nature of job (loading, which caused fewer injuries, was treated as a reference, and the risk of stone breaking was calculated) were taken as categorical variables. Other variables like age (yr), experience in the job / duration of employment (yr), and work hours per day (hr) were taken as continuous variables. All variables were analyzed simultaneously in the model in order to estimate the effect of every individual variable, adjusting for the effect of other variables.
Results
The mean age of the study subjects was 11.34 (± 1.9) years. Mean income was 27 (± 26) Indian rupees per day. One hundred and twenty-six (85.7%) workers were <14 years old, and 21 (14.3%) workers were 14 years of age or more. The mean job duration of the subjects was 26.3 (± 14.6) months. About 33% of workers had job experience of one year or less. The mean work hours per day for these young workers was found to be 4.56 (± 1.7) hours. Thirtyfive percent of the subjects had a primary level education, while 65% were illiterate. The mean body mass index (BMI) of the subjects was 14.9 (± 1.8). The majority of the workers (90.5%) were engaged in the act of stone breaking, while 9.5% were engaged in the loading activity. So far as morbidity is concerned, the workers were suffering from repeated injuries (28.6%), recurrent backache (8.8%) and joint pain (15.6%), cough (6.8%) and breathlessness (2%). Musculoskeletal morbidity (backache, joint pain or both) was reported in 21.8% subjects ( Table 1) .
Out of total 42 "frequent injury receivers", 5 subjects reported hand injuries, 7 subjects reported leg injuries and 30 subjects complained of having both hand and leg injuries. So far as type of injury is concerned, superficial injury and sprain and strain were commonest. The majority of subjects reported "stepping on/striking against objects" as the incident that led to injury. Small tools were mostly associated with such injuries (Table 2) .
In the univariate analysis, musculoskeletal morbidity of the subjects was the only workers' characteristics that showed a significant effect on injury causation. (Table 3) . When multivariate analysis was performed using a logistic regression model to understand the effect of different worker characteristics on injury occurrence, it was observed that when all the variables were analyzed simultaneously, duration of employment (Table 4 ). An overall evaluation of the logistic model was also performed and Nagelkerke R Square was found to be 0.576. The individual predictors assessed in this model were evaluated from the casewise list, and it was found that these individual predictors remained in the predicted range of 60−90 percent. Goodness of fit statistics calculated for categorical and continuous variable showed p values of 0.947 and 0.307 respectively. Assessment of the predicted probability showed that the overall predicted percentage (correct) was 80.3% for the model.
Discussions
Studies on young and child workers have highlighted joint pains, backache, vertigo, numbness of fingers and fatigue as common work-related morbidities 5) . It is noted that the most common reason for taking up child work is to earn money needed by parents. Skin and upper respiratory tract infection, diarrhea, fever and visual problems are also reported 4) . There is epidemiologic evidence suggesting that such occupational exposures may have a greater impact of on the health of children as compared with adults 7) . So far as workplace injuries are concerned, there are reports showing that young workers confront occupational injuries very frequently 4, 17) . A workplace injury poses additional risk on the growing systems of a young or child worker apart from the injurious effect of adverse occupational hazards. Hence, prevention of such injuries is of utmost importance, and recognizing the determinants of such injuries is the key to protection. Although studies conducted with child and young workers have already highlighted that work-related injury is a major problem area, very few studies have explored the determinants comprehensively. The present study has made an effort to identify the probable factors responsible for such work injuries so that this knowledge can ultimately help in prevention.
In the univariate analysis, musculoskeletal morbidity of the subjects was the only workers' characteristics that showed a significant effect on injury causation. But in the multivariate analysis, it was observed that age, nature of work, work hours per day, musculoskeletal complaint and education had a significant effect on workplace injuries. A similar study conducted on young and child workers engaged in gem polishing activities assessed (univariate analysis only) the contribution of age, sex, work hours per day and duration of employment on workplace injuries. They observed significant effects of work hours per day (>6 hours) and duration of employment (<2 years) on workplace injuries, while age (cut off at 14 years) and gender of worker did not have any significant effect 17) . This present study explored more factors through a more comprehensive (multivariate analysis) assessment. The results showed that age, nature of work, work hours per day, musculoskeletal complaint and education are significant important predictors of occupational injuries in child and young workers. This study did not find any contribution of duration of employment. This may be because of the fact that almost all the subjects of this study had very low experience, with the mean experience being around two years. The study observed occurrence of frequent injuries among child and adolescent workers and hence stresses the need to strictly stop employment of child labor in such occupations in accordance with the national law (The Child Labour (Prohibition and Regulation) Act, 1986) of India. The finding of younger age, stone breaking and longer working hours being contributing factors for workplace injuries necessitates that specific intervention measures be aimed at alleviating these components. Mechanization of jobs, redesign of the workplace, stopping employment of children (up to 14 years of age) in such work, a proper work rest schedule and shorter working hours per day may be effective interventions to lessen such injuries.
This study also highlighted that the hands and legs are the most predominant sites of injuries in these workers at work. The young workers are mostly involved in breaking bigger stones into smaller pieces as well as loading the stones onto a vehicle for transport. They mostly use small tools and do the job manually. They work barefooted and without any protective covers for the hands. The tools they use for work are usually designed for adults and hence may be uncomfortable for young workers. This may be a reason for the common occurrence of hand and leg injuries. However, in a job of this kind, the chance of other injuries including eye injuries may also be considerable.
The findings of this study may be very important from the perspective of prevention of such injuries. Taking special precautions, especially during stone breaking, and arranging for suitable personal protective equipment to safeguard hands and legs during work may reduce the occurrence of work-related injuries in a significant manner. Training of such workers with regard to safe work practices (especially material handling), provision for education, alleviation of musculoskeletal morbidity, suitable restriction of work hours per day and awareness generation among parents regarding the imminent danger of such labor in their children will ensure a positive impact in protecting young and child workers from occupational injuries.
The job contents and procedures may also be suitably modified. Mechanization of such jobs should be seriously considered. Tools used for work may also be redesigned to suit the young workers, and the working area (workplace) for such work may be suitably rearranged (e.g., instead of breaking stones on site, the stones may be mechanically shifted to a nearby shade for further breaking/processing). However, special emphasis should be given to hand and leg injuries, and provision of safety shoes and proper hand gloves may minimize such injuries when combined with other steps of job and workplace modification.
This study has some limitations. It is a crosssectional study in nature; hence it suffered from the restriction of lack of temporality. Inclusion of a larger sample size (from different parts of the country) in the study could have enabled us to explore the role of different personal and occupational characteristics (contributing variables for occupational injuries) in a greater detail. This could also have made the results of this study more generalizable.
This study highlights the need to strictly stop employment of child labor in such operations in accordance with the national law. The existing national law in India, "The Child Labour (Prohibition and Regulation) Act, 1986" prohibits the employment of children in such workplaces. This study ultimately also concludes that apart from nature of job, age of the worker, work hours per day, musculoskeletal morbidity and education are significant important predictors of occupational injuries in child and young workers. It also impresses that implementation of a well-developed intervention plan formulated on the basis of findings of this study will be a major step forward in preventing work-related injuries in young and child workers. The most desired policy in this regard is a concrete step to stop employment of child (up to 14 years of age) workers in such operations. Allowing adolescents to work may be considered only under the umbrella of a stringent rule that will ensure not only necessary changes in job processes and workplaces but also provision of suitably designed tools and PPEs.
